The crank unit is defined as the basic unit of the crank-group driving mechanism for the modular design and production, and the balance methods of inertia force are researched on the crank unit in crank-group driving mechanism's modular design. The factors affecting the balancing weight's position and mass are studied. This indicates that the product of the mass and gyration radius of the balancing weight is influenced by the number, mass, length of the crank and the total mass moving rod in the mechanism. The balance method based on the crank unit is received to meet the modular design and production. This approach achieves the balance of crank-group driving mechanism quickly and efficiently.
INTRODUCTION
The Crank-Group Driving Mechanism is a kind of planar linkages mechanism to realize multi-parallel shafts which rotate synchronously with redundant constraints. It is also suitable for the occasion of long center distance and small torque, such as tobacco machinery, agricultural products processing equipment (e.g. positioning mechanism of jujube slicing machine), packaging machinery, printing machinery and some special drill press etc. [1, 2] . In the Crank-Group Driving Mechanism, the length and the phase of each crank is the same, every two cranks of mechanism can be regarded as a parallel double crank mechanism [3] . The general form of Crank-Group Driving Mechanism is shown in Fig. (1) . The imbalance of high-speed mechanism will reduce the precision and working reliability of mechanism, or even destroy the mechanism [4] . Therefore, studying the balance conditions of Crank-Group Mechanism is necessary which has a good practical significance to mechanism design process. In practical applications, it needs different number of cranks (the number of transmission shafts) and the length of connecting rods (the shaft center distance) owing to the different usage scenario for Crank-Group Driving Mechanism. This also makes the number and the layout of crank's mechanism very different [5] . In order to simplify the problem and the mechanism's modular design, the Crank-Group Driving Mechanism can be divided into independent units with similar structure, namely the crank unit. The crank unit that comprises a crank and a connecting rod can be combined into different forms of Crank-Group Driving Mechanism to meet the requirements of different situations.
Changing the distribution of component's mass is one of the important methods to realize the inertia force balance of mechanism, and it is a fundamental problem that how to *Address correspondence to this author at the College of Mechanical and Electrical Engineering, Shaanxi University of Science and Technology, Xi'an 710021, China; Tel: +86 02986168806; E-mail: 360322715@qq.com derive the equilibrium equation of balance inertia force completely in the research of dynamic equilibrium of mechanism. The method of balancing inertia force of reciprocating motion mechanism can be classified as linear independent vector method and mass substitution method [6] [7] [8] [9] [10] [11] . In this paper, in order to meet the requirements of modular design and its movement characteristics of CrankGroup Driving Mechanism [12] [13] [14] , the inertia force balance of mechanism is achieved by calculating the centroid position and mass moment of each equalizer using mass substitution method. 
BALANCE OF CRANK-GROUP DRIVING MECHANISM
For any Crank-Group Driving Mechanism, the coordinate system is set up as shown in Fig. (2) . In order to realize the modular design and simplify structure of mechanism, it is assumed that the balancing weights have the same mass m and gyration radius of centroid L , and the angle between the crank and the connection of centroid and the rotary center of the crank is ! 0 .
The angle between the cranks and the X-axis positive direction is ! , and the positive direction of ! is the counterclockwise direction, so the angle between the X-axis positive direction and the connection of balancing weight's centroid and the rotary center of crank is ! + ! 0 . Assuming that all the rods of Crank-Group Driving Mechanism are homogeneous rods, the centroid of each rod is located at its center, the mass of each crank is m 0 , the length of each crank is r 0 , the number of cranks is n , the mass of connecting rod i is m i , and the distance between rotary center of crank k and the origin of coordinate is S k . The angle between the X-axis positive direction and S k is ! k . Fig. (2) . Crank-group driving mechanism with n cranks.
According to the balance theory of mechanism, there are two methods to make the total centroid acceleration of the mechanism zero in order to achieve the inertia force balance of the mechanism. The first is that the total centroid of mechanism moves uniformly in a straight line, and the second is that the total centroid is stationary. The movement of Crank-Group Driving Mechanism is periodic, and the trajectory of the total centroid of mechanism is a closed curve, so the inertia force balance conditions of CrankGroup Driving Mechanism is that the total centroid of mechanism is stationary [15] [16] [17] . The mechanism must satisfy the following formula:
In formula (1), ( X S ,Y S ) represents the total centroid coordinates of the mechanism, M is the total mass of the mechanism, m j is the mass of moving part j , (x j , y j )
represents the centroid coordinates of component j , g is the number of moving members, and C 1 ,C 2 are two constants. Formula (2) represents the coordinates of centroid of crank k .
Formula (3) indicates the coordinates of centroid of balancing weight k .
Formula (4) describes the centroid coordinates of the rod connecting the crank k and the crank h.
For the Crank-Group Driving Mechanism determined form, only the values of the items with ! are variable in the centroid coordinates equation while others are constant. For making the value of centroid coordinates to become constant, the coefficient of those items with ! must be zero in order to satisfy the formula (1). The formula (5) is obtained by considering formulas (1~4).
In the formula (5), m i ! is the total mass of all the connecting rods.
The formula (6) is calculated by solving formula (5).
INFLUENCE FACTORS OF INERTIA FORCE BALANCE OF CRANK-GROUP DRIVING MECHANISM
The mass, the rotary radius and the distribution location of the balancing weight are determined by formula (6) for inertia force balance of the Crank-Group Driving Mechanism. In formula (6) , m 0 r 0 / 2 is called crank item, and ( m i r 0 ! ) / n is called connecting rod item. Obviously, when each balancing weight is distributed on the opposite direction of the crank, the product of the mass and rotary radius of each balancing weight is influenced by the mass ( m 0 ) and the length ( r 0 ) of each crank, the number ( n ) of the cranks, and the total mass ( m i ! ) of the connecting rods. Formula (6) shows that it can achieve inertia force balance of the Crank-Group Driving Mechanism to add the same balancing weight to each crank.
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For different forms of Crank-Group Driving Mechanism with any number of cranks, the method of determining the inertial force balance parameters of the mechanism can be derived by formula (6):
When a rank unit is added to the mechanism, the crank item ( m 0 r 0 / 2 ) remains unchanged, and the number of the cranks become from n to n + 1 . The mass moment ( mL ) of the balancing weight can be calculated by formula (6) . (2) The balancing weight is distributed in the opposite direction of the crank in each crank unit. The mass ( m ) and rotary radius ( L ) of the balancing weight may be determined according to the actual structure of the Crank-Group Driving Mechanism.
If the crank's center distance can only be selected in some given numbers, then mass value of connecting rod and the mass moment ( mL ) of the balancing weight will only be in series numbers. So, the modular production of the CrankGroup Driving Mechanism can be achieved.
EXAMPLE
The Crank-Group Driving Mechanism with 3 cranks is shown in Fig. (3) and its parameters can be seen in Table 1 . Fig. (4) shows the total centroid coordinate curves of the mechanism without balancing weight. It means that the total centroid changes when the mechanism is moving.
According to the formula (6), the mass moment mL of the balancing weight is 0.15. The parameters of the balancing weight are set by m = 0.3m, L = 0.5m,! 0 = 180°. After adding the balancing weights to the mechanism, the total centroid coordinates of the mechanism are constant as shown in Fig. (5) . It validates that the inertia force balance of the Crank-Group Driving Mechanism is achieved. 
CONCLUSION
(1) The crank unit has been defined in this paper, and the important role of the crank unit has been discussed in the process of modular design and production of the Crank-Group Driving Mechanism.
(2) A method achieving inertia force balancing of the Crank-Group Driving Mechanism has been proposed according to the special structure of the mechanism. The factors influencing mass moment of the balancing weights and its calculation method are elaborated. The study provides the theoretical basis for the modular design of the Crank-Group Driving Mechanism. 
